Introduction: There is evidence that certain measures of visual function show some type of relationship between right and left eyes in the same individual. Similarly, particular ocular maladies may be related, or be symmetric, in the right and left eyes of the same person. There is also evidence to suggest that certain relationships do not exist between eyes in an individual. For example, diseases such as glaucoma are often asymmetric in their progression in the two eyes of an afflicted individual. Inter-ocular mirror symmetry between right and left eyes, when considering ocular wavefront aberrations (WAs), has been shown to exist by some authors. This study investigates whether mirror symmetry of high order aberrations (HOAs) exists between the right and left eyes in a cohort of South African subjects.
Introduction
When analysing measurements obtained from both eyes of an individual one needs to take the correlation that often exists between the two eyes into account, because the right and left eyes of individuals are more likely to be similar to each other than measurements obtained from an unrelated person 1 . Also, some conditions are more likely to be present in both eyes while other conditions are more prevalent in one eye Zernike coefficients. Porter et al 8 argue: "to have perfect mirror symmetry between right and left eyes, radially symmetric Zernike modes and those dependent on an odd power of y need to be positively correlated in both eyes, while polynomials that are dependent on an odd power of x should be negatively correlated in both eyes". Thus, to have perfect mirror symmetry, negative correlation coefficients would be expected for Zernike polynomials Z 2 and Z 5 5 . The correlations were calculated for each Zernike coefficient individually for the whole sample of 109 eyes with no sign adjustments made to either eye. The results showed that 75% of the investigated Zernike coefficients (1 st to 5 th orders) were significantly correlated across the eyes. These significant correlation coefficients between the Zernike coefficients confirm a form of symmetry between the right and left eyes. A positive correlation coefficient occurs when a Zernike coefficient in one eye (of a sample) increases as the coefficient in the other eye also increases. A negative correlation coefficient again occurs when the Zernike values in one eye increase as the coefficient in the other eye decreases in value. But as mentioned, Howland and Howland 13 , found that WAs differ greatly between subjects and are seldom symmetrical. The aim of this study was to investigate whether mirror symmetry possibly exists between the right and left eyes of 66 individuals.
Methods
This was a retrospective study and all data were sourced from six different ophthalmic surgeons' case notes. All measurements were obtained in the same environment using the same instruments which were operated by a single technician. The subjects chosen had all been examined for possible Laser-Assisted in situ Keratomileusis (LASIK) eye surgery in 2009 and 2010 and included both males and females of any age. To be included in the study, subjects had to have ceased contact lens wear for at least one week prior to any measurements being taken. Also, myopic astigmats with a spherical component of (0; −7] D (thus excluding 0 D and including −7 D) and a cylinder (astigmatic) magnitude greater than zero were included in the study. Subjects were excluded if they had a history of previous ocular surgery, current ocular pathology or a history of corneal disease, [6] [7] [8] [9] [10] [11] [12] have shown evidence supporting the existence of mirror symmetry between the right and left eyes of the same individual. In contrast to the findings of these studies, Howland and Howland 13 found that WAs differ between subjects and are seldom symmetrical. Mirror symmetry between right and left eyes of individuals can be assessed by various methods. Marcos and Burns 10 calculated correlation coefficients of individual Zernike coefficients between right and left eyes after reversing the sign of odd symmetric terms in the right eye. The authors 10 found that five of the 12 subjects used in their study showed a statistically significant prevalence of mirror symmetry between the right and left eyes. Thibos et al 7 investigated correlation coefficients for Zernike coefficients that have even symmetry about the vertical axis (should have a positive correlation) separately from those that have odd symmetry about the vertical axis (should have a negative correlation). The authors 7 showed support for the presence of mirror symmetry in their subjects. Castejón-Mochón et al All measurements were taken with the eyes in their natural, undilated state. Pupil sizes varied under the selected lighting conditions but were all converted to the same 6 mm pupil size by the Zywave aberrometer. The measurements presented by the Zywave aberrometer include the 3 rd to 5 th order Zernike coefficients for 6 mm pupil diameters. Correlation coefficients were performed using Statistica version 10 statistical software packages. Ethics approval was granted by the Ethics Committee of the University of Johannesburg, South Africa. (No pilot study was conducted as the data was retrospective in nature.)
Results
The ages of the subjects ranged between 14 and 66 years. Pearson product-moment correlation coefficients between the right and left eyes for each of the 15 individual higher order Zernike coefficients (3 rd to 5 th order) of the 66 subjects were calculated. The scatter plot in Figure 1 combines all the coefficients (of 66 subjects) that would be expected to have positive correlations if mirror symmetry was present between right and left eyes. The correlation coefficient is 0.84 (p = 0.00) and represents a strong positive correlation between the coefficients for the right and left eyes. In Figure 2 , a similar plot for all the coefficients which would be expected to have a negative correlation if mirror symmetry was present is shown. The correlation coefficient for the data shown in Figure 2 is −0.4 (p = 0.00), a weak, negative, yet significant, correlation. In both figures (1 and 2) 95% confidence intervals on the regression line, as well as 95% confidence ellipses for the data, are shown.
In the interests of brevity, Figures 3 and 4 show examples of 66 single coefficients (C 3 -1 in Figure  3 and C 3 3 in Figure 4 ) which show positive and negative correlations respectively. According to Porter et al 8 , specific Zernike coefficients should be positively (or negatively) correlated in the presence of mirror symmetry and Figures 3 and 4 show two such correlations. The correlation coefficients and pvalues are indicated in the relevant figures. 2014 73(1) 39-44 
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Discussion Table 1 shows the correlation coefficients and related data for the 15 Zernike higher order coefficients evaluated in this study. Porter et al 8 have stated that it would be expected for Zernike coefficients C ) should have positive correlations between right and left eyes if mirror symmetry was present. All correlation coefficients (except for C 5 5 ) show the relevant type of correlation (positive or negative) to support the presence of mirror symmetry which concurs with the findings of mirror symmetry in the study sample of Porter et al 8 . However, not all the correlation coefficients have been shown to be significant (see Table 1 ). Figure 1 presents a scatter plot of the eight coefficients that should show positive correlations for the sample of 66 subjects combined. All corresponding coefficients for the right and left eyes were plotted against each other and a significant positive correlation coefficient of 0.84 was found (p = 0.00), suggesting that mirror symmetry is present. Similarly, Figure 2 shows the remaining seven Zernike coefficients that should have negative correlations (Porter et al 8 ) for perfect symmetry and the correlation coefficient (r = −0.40) is significant (p = 0.00). When assessing whether mirror symmetry is present between right and left eyes, Thibos et al 7 similarly pooled all Zernike coefficient data that should be positively (or negatively) correlated, determined the correlation coefficient between right and left eyes and presented the data in a scatter plot. The results of this study support the findings of Thibos et al 7 . Scatter plots for each of the 15 Zernike coefficients were plotted to evaluate the possible presence of mirror symmetry within the data of the 66 subjects (only two examples of the 15 plots, namely Figures 3 and 4 are included here). If mirror symmetry is present, then negative correlation coefficients would be expected for the following Zernike coefficients:
1 , C 5 3 and C 5 5 . In this study, six of these coefficients showed negative correlations (see Table 1 ). However, of these, not all the correlations are significant. Figure  4 shows an example of negative correlation, in this case for C 3 3 . The eight coefficients (Porter et al 8 ) that should present with positive correlations between the two eyes are:
and Figure 3 shows an example for C 3 -1 . The results of this study show that all eight Zernike coefficients (that should show positive correlations) support the presence of mirror symmetry. These results also support numerous other reports that have suggested that mirror symmetry exists between right and left eyes 6-8, 10, 12 in the same individual. Thus one needs to be careful in combining HOA data for the right and left eyes of the same individual. Analysis should be done with the eyes considered separately or one might randomly select either the right or the left eye only of study participants for inclusion in a single sample for further analysis but where nessecary the signs of some coefficients would need to be changed.
Conclusion
Mirror symmetry is suggested between the right and left eyes of the same individual for this sample of 66 subjects (n = 132 eyes). The calculated correlation coefficients between the right and left eyes indicate that most of the 15 Zernike coefficients in the right and left eyes contribute to mirror symmetry. Eyes should thus be used separately in sample groups when investigating HOAs or alternatively, some Zernike coefficients of either eye should be altered to compensate for mirror symmetry before combining right and left eye data together into one sample for analysis. A possible limitation here is that the study only included a clinical population who were mostly interested in having LASIK. However, a strength of this study is that it brings another dimension to research in the field of ocular wavefront aberrations as it includes both the spherical as well as the astigmatic components of refractive error and is presented in a South African context. The exploration of mirror symmetry between the right and left eyes of the same subject in the astigmatic myopic groups defined within this study is, to the best of our knowledge, unique and contributes toward a better understanding of the mirror symmetry of HOAs in especially astigmatic myopes. A possible future research suggestion includes a closer look into the Zernike coefficients that contribute more profoundly to mirror symmetry between right and left eyes.
